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(54) COMMUNICATION TERMINAL APPARATUS, BASE STATION APPARATUS AND RADIO 
COMMUNICATION METHOD 



(57) A retransmission request signal creation sec- 
tion (119) outputs an ACK signal or NACK signal to a 
NACK signal counting sectlon(120) based on the result 
of error detection by an error detection section(1 1 8), the 
NACK signal counting section(120) counts, for each 
communication mode, the number of NACK signals out- 
put (that is, the number of data retransmissions) before 



an ACK signal is output from the retransmission request 
signal creation section(119), and a table rewriting sec- 
tion(121) compares the number of retransmissions 
counted by the NACK signal counting section(120) with 
a predetermined threshold value for the number of re- 
transmissions, and rewrites the contents of a communi- 
cation mode table(1 02) based on the result of this com- 
parison. 
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Description 

Technical Field 

[0001] The present Invention relates to a communica- 
tion terminal apparatus, base station apparatus, and ra- 
dio communication method to be used in a cellular com- 
munication system. 

Background Art 

[0002] In a cellular communication system, one base 
station performs radio communication with a plurality of 
communication terminals, simultaneously, and there- 
fore, as demand has increased in recent years, so has 
the need for higher transmission efficiency. 
[0003] One technology that has been proposed for in- 
creasing the transmission efficiency of a downlink from 
a base station to a communication terminal is HDR (High 
Data Rate). HDR is a communication method whereby 
a base station performs scheduling for allocating com- 
munication resources to communication terminals by 
time division, and also sets a transmission rate for each 
communication terminal according to the downlink 
channel quality. 
[0004] The operations by which a base station and 
communication terminals perform radio communication 
with HDR are described below. First, the base station 
transmits a pilot signal to each communication terminal. 
Each communication terminal measures the downlink 
channel quality using a CIR (desired signal to interfer- 
ence ratio) based on the pilot signal, etc., and finds a 
transmission rate at which communication is possible. 
Then, based on the transmission rate at which commu- 
nication is possible, each communication terminal se- 
lects a communication mode, which is a combination of 
packet length, coding method, and modulation method, 
and transmits a data rate control (hereinafter referred to 
as "DRC") signal indicating the communication mode to 
the base station. 

[0005] The type of modulation method that can be 
used in each system is predetermined as BPSK, QPSK, 
16QAM, 64QAM, and so forth. Also, the type of coding 
that can be used in each system is predetermined as 
1/2 turbo code, 1/3 turbo code, 3/4 turbo code, and so 
forth. Further, a plurality of transmission rates that can 
be used in each system are predetermined according to 
a combination of packet length, modulation method, and 
coding method. Each communication terminal selects a 
combination whereby communication can be performed 
most efficiently with the current downlink channel qual- 
ity, and transmits a DRC signal indicating the selected 
communication mode to the base station. Generally, 
DRC signals are represented by numbers from 1 to N, 
with a higher number indicating a proportionally better 
downlink channel quality. 

[0006] Based on the DRC signal transmitted from 
each communication terminal, the base station sets a 



transmission rate for each communication terminal, and 
sends a signal to each communication terminal via a 
control channel indicating communication resource al- 
location to each communication terminal. The base sta- 
5 Hon then transmits data only to the relevant communi- 
cation terminal in its allocated time. For example, if lime 
t1 has been allocated to communication terminal A s in 
time t1 the base station transmits data only to commu- 
nication terminal A, and does not transmit data to a com- 
10 munication terminal other than communication terminal 
A. 

[0007] In this way, data transmission efficiency has 
conventionally been increased for the overall system by 
setting a transmission rate for each communication ter- 
minal according to channel quality by means of HDR, 
and performing communication resource allocation 
preferentially to a communication terminal with a high 
transmission rate at which communication is possible. 
[0008] However, as downlink channel quality meas- 
urement in a communication terminal is performed 
based on the pilot-part signal within a received signal, 
if the length of the pilot-part signal is short compared 
with the length of the data-part signal, a difference may 
arise between the measured channel quality and the 
current channel quality due to the effect of fading, etc., 
while the data-part signal is being received. As commu- 
nication mode selection is performed based on the 
measured channel quality, when such a difference aris- 
es there is a problem in that the communication mode 
in which communication can be performed most effi- 
ciently with the current channel quality will not be select- 
ed, and downlink throughput will fall. 
[0009] Also, if error occurs in the channel quality 
measurement circuit, a difference will arise between the 
measured channel quality and the actual channel qual- 
ity, and the same kind of problem as described above 
will arise. 

Disclosure of Invention 

[0010] It is an object of the present invention to pro- 
vide a communication terminal apparatus, base station 
apparatus, and radio communication method that make 
it possible to prevent a fall in downlink throughput in a 
communication system in which communication re- 
sources are allocated by time division to communication 
terminals based on downlink channel quality measured 
from a pilot signal. 

[001 1] The present inventors arrived at the present in- 
vention by considering the relationship between a com- 
munication mode and the reception quality of a data- 
part signal, and finding that, when a difference arises 
between the measured channel quality and the current 
actual channel quality, and communication is not per- 
formed using the optimal communication mode for the 
current actual channel quality, the reception quality of 
the data-part signal either does not attain the desired 
reception quality, or else exceeds the desired reception 
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quality. 

[0012] Thus, in the present invention, the correspond- 
ence between downlink channel quality and communi- 
cation mode is changed when a difference is detected 
between the measured channel quality and the current 
actual channel quality based on the reception quality of 
the data-part signal. By this means it is possible to per- 
form communication using the optimal communication 
mode for the current actual channel quality. 

Brief Description of Drawings 

[0013] 

FIG.1 is a block diagram showing the configuration 
of a communication terminal according to Embodi- 
ment 1 of the present invention; 
FIG. 2 is a drawing showing the contents of the com- 
munication mode table provided in a communica- 
tion terminal according to Embodiment 1 of the 
present invention; 

FIG.3 is an operational flowchart for explaining the 
operation of the table rewriting section provided in 
a communication terminal according to Embodi- 
ment 1 of the present invention; 
FIG.4A is drawing showing an example of a com- 
munication mode table rewrite operation by the ta- 
ble rewriting section of a communication terminal 
according to Embodiment t of the present inven- 
tion; 

FIG.4B is drawing showing an example of a com- 
munication mode table rewrite operation by the ta- 
- ble rewriting section of a communication terminal 
according to Embodiment 1 of the present Inven- 
tion; 

FIG.4C is drawing showing an example of a com- 
munication mode table rewrite operation by the ta- 
ble rewriting section of a communication terminal 
according to Embodiment 1 of the present inven- 
tion; 

FIG.5 is a block diagram showing the configuration 
of a communication terminal according to Embodi- 
ment 2 of the present invention; 
FIG. 6 is a block diagram showing the configuration 
of a communication terminal according to Embodi- 
ment 3 of the present invention; 
FIG;7 is a block diagram showing the configuration 
of a communication terminal that performs radio 
communication with a base station according to 
Embodiment 4 of the present invention; 
FIG. 8 is a block diagram showing the configuration 
of a base station according to Embodiment 4 of the 
present invention; 

FIG. 9 is a block diagram showing the configuration 
of a communication terminal that performs radio 
communication with a base station according to 
Embodiment 5 of the present invention; 
FIG. 1 0 is a block diagram showing the configuration 



of a base station according to Embodiment 5 of the 
present invention; 

FIG. 11 is a block diagram showing the configura- 
tion of a communication terminal that performs ra- 
dio communication with a base station according to 
Embodiment 6 of the present invention; 
FIG. 12 is a block diagram showing the configuration 
of a base station according to Embodiment 6 of the 
present invention; 
10 FIG.1 3 is a block diagram showing the configuration 
of a base station according to Embodiment 7 of the 
present invention; and 

FIG.1 4 is a block diagram showing the configuration 
of a communication terminal according to Embodi- 
15 ment 7 of the present invention. 

Best Mode for Carrying out the Invention 

[0014] With reference now to the accompanying 
20 drawings, embodiments of the present invention will be 
explained in detail below. 



(Embodiment 1) 

[0015] In a system in which data communication is 
performed, error control is normally performed by 
means of the ARQ (Automatic Repeat reQuest) method. 
With the ARQ method, data with check bits for error de- 
tection, such as CRC (Cyclic Redundancy Check) bits, 
added is transmitted from a base station to a communi- 
cation terminal, and if an error is not detected in the re- 
ceived data, the communication terminal requests the 
next data by sending an ACK (ACKnowledgmenQsignal 
back to the base station. If, on the other hand, an error 
is detected in the received data, the communication ter- 
minal sends a NACK (Negative ACKnowledgment) sig- 
nal back to the base station, and the base station re- 
transmits the data in which an error was detected. This 
kind of retransmission is repeated by the base station 
until an ACK signal is received for the data in which an 
error was detected. 

[0016] A communication terminal according to Em- 
bodiment 1 of the present invention is a communication 
terminal used in a communication system in which error 
control is performed by means of this kind of ARQ meth- 
od, and determines the reception quality of a data-part 
signal according to the number of returns of a NACK 
signal, and based on the number of returns of a NACK 
signal, rewrites the contents of a communication mode 
table that indicates the correspondence between the 
downlink channel quality and communication mode. 
[0017] FIG.1 is a block diagram showing the configu- 
ration of a communication terminal according to Embod- 
iment 1 of the present invention. In FIG.1 , a communi- 
cation mode selector 101 refers to a communication 
mode table 102 and selects a communication mode 
based on a CIR measured by a CIR measurement sec- 
tion 114 described later herein, and outputs this to a 
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DRC signal creation section 103 and NACK signal 
counting section 120. Also, based on the selected com- 
munication mode, the communication mode selector 
101 indicates the outbound receive data demodulation 
method to an adaptive demodulator 116 and Indicates 
the outbound receive data decoding method to an adap- 
tive decoding section 117. The contents of the commu- 
nication mode table 102 will be described later herein. 
[0018] The DRC signal creation section 103 creates 
a DRC signal with a number corresponding to the com- 
munication modo output from the communication mode 
selector 1 01 , and outputs this signal to a modulator 1 04. 
[0019] Modulator 104 modulates the DRC signal and 
outputs it to a spreader 105. Spreader 105 spreads the 
output signal from modulator 104, and outputs the re- 
sulting signal to a multiplexer 1 08. 
[0020] A modulator 106 modulates an ACK signal or 
NACK signal created by a retransmission request signal 
creation section 119 described later herein, and outputs 
this signal to a spreader 1 07. Spreader 1 07 spreads the 20 
output signal from modulator 106, and outputs the re- 
sulting signal to the multiplexer 1 08. 
[0021] The multiplexer 108 multiplexes the spread 
DRC signal and the spread ACK signal or NACK signal, 
and outputs them to a transmit RF section 109. The 25 
transmit RF section 109 converts the frequency of the 
output signal from the multiplexer 1 08 to radio frequen- 
cy, and outputs the resulting signal to a duplexer 110. 
[0022] The duplexer 110 transmits the output signal 
from the transmit RF section 1 09 to the base station as 30 
a. radio signal via an antenna 111. In addition, the du- 

_plexer„1.1.0 outputs a signal. transmitted as_ajadiOLSignal 

from the base station and received as a radio signal by 
the antenna 111 to a receive RF section 112. 
[0023] The receive RF section 112 converts the fre- 33 
quency of a radio frequency signal output from the du- 
plexer 1 1 0 to baseband, and outputs the resulting signal 
to a despreader 113 and a despreader 115. 
[0024] Despreader 113 despreads the pilot signal 
component of the baseband signal and outputs the re- *o 
suiting signal to a CIR measurement section 114. The 
CIR measurement section 114 measures the CIR of the 
pilot signal output from despreader 1 1 3, and outputs this 
to the communication mode selector 101. 
[0025] Despreader 115 despreads the data compo- 45 
nent of the baseband signal and outputs the resulting 
signal to the adaptive demodulator 116. The adaptive 
demodulator 116 demodulates the output signal from 
despreader 115 in accordance with the directions of the 
communication mode selector 1 01 , and outputs the re- so 
suiting signal to the adaptive decoding section 117. The 
adaptive decoding section 117 decodes the output sig- 
nal from the adaptive demodulator 116 in accordance 
with the directions of the communication mode selector 
101, and obtains receive data. 55 
[0026] An error detection section 1 1 8 performs a CRC 
on the receive data, and outputs a signal indicating the 
CRC result to the retransmission request signal creation 



section 119. That is to say, if the CRC result is that an 
error has not been detected in the receive data, the error 
detection section 118 outputs an OK signal indicating 
that an error has not been detected to the retransmis- 
5 sion request signal creation section 119, and if the CRC 
result is that an error has been detected in the receive 
data, the error detection section 1 1 8 outputs an NG sig- 
nal indicating that an error has been detected to the re- 
transmission request signal creation section 119. The 
10 retransmission request signal creation section 119 cre- 
ates an ACK signal if an OK signal is output from the 
error detection section 1 1 8, or generates a NACK signal 
if an NG signal is output from the error detection section 
118, and outputs the respective signal to the NACKsig- 
15 nal counting section 120 and modulator 106. 

[0027] The NACK signal counting section 1 20 counts, 
for each communication mode, the number of NACK 
signals output before an ACK signal is output from the 
retransmission request signal creation section 119. In 
other words, the NACK signal counting section 120 
counts the number of data retransmissions for each 
communication mode. A table rewriting section 121 
compares the number of retransmissions counted by 
the NACK signal counting section 120 with a predeter- 
mined threshold value for the number of retransmis- 
sions, and rewrites the contents of the communication 
mode table 1 02 based on the result of this comparison. 
[0028] Next, the operation of a communication termi- 
nal that has the above configuration will be described. 
[0029] A radio signal transmitted from the base station 
is received by the antenna 111 of the communication 
terminal, p asses throu gh the duplexer 110, and is fre- 
quency-converted to baseband by the receive RF sec- 
tion 1 1 2. The baseband signal Is despread by despread- 
er 1 13 and output to the CIR measurement section 114. 
[0030] In the CIR measurement section 114, the CIR 
of the pilot signal output from despreader 113 is meas- 
ured. Then, in the communication mode selector 101, 
the communication mode table 102 is referred to and a 
communication mode is selected based onthe CIR 
measured by the CIR measurement section 114. 
[0031] Here, the contents set in the communication 
mode table 102 will be described. FIG.2 is a drawing 
showing the contents of the communication mode table 
provided in a communication terminal according to Em- 
bodiment 1 of the present invention. For the sake of ex- 
planation, it is here assumed that communication 
modes are indicated only by the modulation method, 
and that the coding method is the same for all commu- 
nication modes. 

[0032] As shown in FIG.2, communication modes are 
set in the communication mode table 1 02 in correspond- 
ence to CIRs, so that a communication mode is selected 
based on the pilot signal CIR measured by the CIR 
measurement section 114. For example, in the case 
where the CIR measured by the CIR measurement sec- 
tion 114 is A[dB].CIR<B[dBJ, a communication mode for 
which the modulation method is QPSK is selected by 
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the communication mode selector 101 , and a DRC sig- 
nal with a number corresponding to the communication 
mode is created by the DRC signal creation section 1 03. 
[0033] The DRC signal is modulated by modulator 
104, spread by spreader 105, and output to the multi- 
plexer 108. In this stage, only the DRC signal is output 
from the multiplexer 1 08. 

[0034] The DRC signal output from the multiplexer 
108 is frequency-converted to radio frequency by the 
transmit RF section 109, and is transmitted to the base 
station as a radio signal from the antenna 111 via the 
duplexer 110. 

[0035] Next, a radio signal transmitted from the base 
station in accordance with the communication mode re- 
quested by the communication terminal is received by 
the antenna 111 of the communication terminal, passes 
through the duplexer 110, and is frequency-converted 
to baseband by the receive RF section 112. The base- 
band signal is despread by despreader 1 1 5, and the da- 
ta-part signal is output to the adaptive demodulator 116. 
[0036] In addition, the baseband signal is despread 
by despreader 113, and the pilot signal is output to the 
CIR measurement section 114. In theCIR measurement 
section 114 the CIR of the pilot signal is measured, and 
is output to the communication mode selector 101. In 
the communication mode selector 1 01 the communica- 
tion mode is selected as described above. 
[0037] The data-part signal is demodulated by the 
adaptive demodulator 116 using the demodulation 
method indicated by the communication mode selector 
1 01 , decoded by the adaptive decoding section 1 1 7 us- 
~ ing the~decoding~method indicated by the communica- 
tion mode selector 101, and output to the error detection 
section 118. 

[0038] As CRC bits have been added to the data-part 
signal, a CRC is carried out on the data-part signal by 
the error detection section 118. By this means it is de- 
tected whether or not there is an error in the data-part 
signal, and a signal indicating the result of the detection 
(that is, an OK signal or an NG signal) is output to the 
retransmission request signal creation section 119. 
[0039] In the retransmission request signal creation 
section 119, an ACK signal is created if the signal output 
from the error detection section 1 18 is an OK signal, or 
a NACK signal is created if the signal output from the 
error detection section 1 1 8 is an NG signal, and the cre- 
ated signal is output to the NACK signal counting section 
120 and modulator 1 06. 

[0040] The ACK signal or NACK signal is modulated 
by modulator 1 06, spread by spreader 1 07, multiplexed 
with the DRC signal by the multiplexer 108, and output 
to the transmit RF section 109. The output signal from 
the multiplexer 108 is frequency-converted to radio fre- 
quency by the transmit RF section 1 09, and is transmit- 
ted to the base station as a radio signal from the antenna 
111 via the duplexer 110. 

[0041] In the NACK signal counting section 120, the 
number of times a NACK signal is output from the re- 



transmission request signal creation section 119 is 
counted for the currently selected communication 
mode. 

[0042] Then, in the base station, if an ACK signal is 
5 received the next data is transmitted to the communica- 
tion terminal, or if a NACK signal is received the same 
data as . previously transmitted is retransmitted to the 
communication terminal. 

[0043] As a result of repeating the above-described 
10 operations, the NACK signal counting section 120 
counts, for the currently selected communication mode, 
the number of NACK signals output before an ACK sig- 
nal is output from the retransmission request signal cre- 
ation section 119. That is to say, in the NACK signal 
15 counting section 120 the number of retransmissions of 
data transmitted from the base station is successively 
counted for the currently selected communication 
mode. When an ARQ signal is output from the retrans- 
mission request signal creation section 119, the NACK 
20 signal counting section 120 count result is reset to 0. 
[0044] Then, in the table rewriting section 121, the 
number of retransmissions counted by the NACK signal 
counting section 120 is compared with a predetermined 
threshold value N, and the contents of the communica- 
25 tion mode table 1 02 are rewritten based on the result of 
this comparison. Here, the operation of the table rewrit- 
ing section 121 will be described. FIG.3 is an operational 
flowchart for explaining the operation of the table rewrit- 
ing section provided in a communication terminal ac- 
30 cording to Embodiment 1 of the present invention. 
[0045] In the table rewriting section 121, the number 
of retransmissions-counted by the NACK signal count- 
ing section 120 Is compared with a predetermined 
threshold value N in Step (hereinafter abbreviated to 
35 M ST") 201 . Here, the threshold value N is the maximum 
number of retransmissions permitted In the system, and 
this permissible value N is predetermined based on the 
desired reception quality of data-part signals required in 
the system. 

40 [0046] If, in ST201 , the number of retransmissions is 
less than N, the data-part signal reception quality can 
be said to be excessive quality that exceeds the desired 
reception quality required in the system. That is to say, 
the current actual downlink channel quality can be con- 
45 sidered to have improved since the point at which chan- 
nel quality was measured by the CIR measurement sec- 
tion 114. It can therefore be determined that, with the 
current actual downlink channel quality, communication 
can be performed using a communication mode with a 
so higher transmission rate than the communication mode 
selected based on the pilot signal CIR. 
[0047] Thus, if the number of retransmissions is less 
than N in ST201, the contents of the communication 
mode table 1 02 shown in FIG .2 are rewritten as shown 
55 in ST202 by the table rewriting section 121 . That is to 
say, A[dB], B[dB], and C[dB] set in the communication 
mode table 1 02 shown in FIG.2 are decremented re- 
spectively by predetermined values X[dB], Y[dB], and Z 
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[dB]. As a result, the communication mode selector 1 01 
selects a communication mode with a higher transmis- 
sion rate than the previously selected communication 
mode, even if the pilot signal CIR measured by the CIR 
measurement section 1 1 4 is the same. s 
[0048] If, on the other hand, the number of retrans- 
missions is greater than N in ST201 , the data-part signal 
reception quality can be said not to attain the desired 
reception quality required in the system. That is to say, 
the current actual downlink channel quality can be con- io 
sidered to have degraded since the point at which chan- 
nel quality was measured by the CIR measurement sec- 
tion 114. It can therefore be determined that, with the 
current actual downlink channel quality, it is necessary 
for communication to be performed using a communi- 15 
cation mode with a lower transmission rate than the 
communication mode selected based on the pilot signal 
CIR. 

[0049] Thus, if the numberof retransmissions is great- 
er than N in ST201 , the contents of the communication 20 
mode table 102 shown in FIG.2 are rewritten as shown 
in ST204 by the table rewriting section 121. That is to 
say, A[dB], B[dB], and C[dB] set in the communication 
mode table 1 02 shown in FIG.2 are incremented respec- 
tively by predetermined values X[dB], Y[dB], and Z[dB]. 25 
As a result, the communication mode selector 101 se- 
lects a communication mode with a lower transmission 
rate than the previously selected communication mode, 
even if the pilot signal CIR measured by the CIR meas- 
urement section 1 1 4 is the same. 30 
[0050] If the number of retransmissions is equal to N 

— in^ST201ythe^lata-part signal-reception quality can be 

said to be on a level with the desired reception quality 
required in the system, and therefore the contents of the 
communication mode table are not rewritten, as shown 35 
in ST203. 

[0051] Actual examples of the communication mode 
table rewrite operations described above are illustrated 
in FIG.4A through FIG.4C. FIG.4A through FIG.4C are 
drawings showing examples of communication mode 40 
table rewrite operations by the table rewriting section of 
a communication terminal according to Embodiment 1 
of the present invention. Explanations are given here for 
the case where A[dB], B[dB], and C[dBJ currently set in 
the communication mode table 1 02 shown in FIG.2 are 45 
4[dB], 8[dB], and 12[dB], respectively, and variation 
amounts XfdB], Y[dB] f and Z[dB] are all 1 [dB]. 
[0052] First, in FIG.4A, AfdBJ, B[dB], and C[dB] are 
set to 4[dB], 8[dB], and 12[dB], respectively. Then, if the 
number of retransmissions is less than N, A[dB], B[dB], so 
and C[dB] are all decremented by 1[dBJ each, and the 
communication mode table 102 is rewritten as shown in 
FIG.4B. If, on the other hand, the number of retransmis- 
sions is greater than N, A[dB], B[dB], and C[dB] are all 
incremented by 1[dB] each, and the communication ss 
mode table 102 is rewritten as shown in FIG.4C. 
[0053] In this way, based on the number of retrans- 
missions of a data-part signal (that is, the data-part sig- 



nal reception quality), the table rewriting section 121 de- 
tects that a difference has arisen between the channel 
quality measured by the CIR measurement section 114 
and the current actual channel quality, and rewrites the 
contents of the communication mode table 102. 
[0054] Thus, according to this embodiment, the re- 
ception quality of a data-part signal is determined by the 
number of times a NACK signal is sent back, and the 
contents of a communication mode table indicating the 
correspondence between downlink channel quality and 
communication modes are rewritten based on the 
number of times a NACK signal is sent back, thereby 
making it possible to select a communication mode that 
enables communication to be performed most efficiently 
with the current actual channel quality. 
[0055] Also, according to this embodiment, data-part 
signal reception quality is determined according to the 
number of retransmissions based on a CRC, so that re- 
ception quality determination can be performed quickly 
and easily, enabling communication mode table rewrites 
to be performed at high-speed, keeping up with varia- 
tions in channel quality. 

[0056] Moreover, according to this embodiment, com- 
munication mode table rewrites are performed with ref- 
erence to a maximum number of retransmissions per- 
mitted in the system. In other words, communication 
mode table rewrites are performed with reference to a 
desired reception quality required in the system. Thus, 
according to this embodiment, it is possible to perform 
downlink data communication while maintaining the de- 
sired reception quality required in the system. 
[0057] In this embodiment, it is also possible for the 
NACK signal counting section 1 20 to calculate an aver- 
age value of the number of retransmissions at predeter- 
mined intervals for each communication mode, and for 
the table rewriting section 121 to rewrite the communi- 
cation mode table 1 02 based on the result of a compar- 
ison between that average value of the number of re- 
transmissions and a predetermined threshold value N. 
The reliability of the number of retransmissions is im- 
proved by calculating an average value of the number 
of retransmissions in this way, enabling communication 
mode table rewrites to be performed accurately and 
without errors. 

(Embodiment 2) 

[0058] A communication terminal according to Em- 
bodiment 2 of the present invention determines the re- 
ception quality of a data-part signal by means of the er- 
ror rate, and based on this error rate, rewrites the con- 
tents of a communication mode table indicating the cor- 
respondence between downlink channel quality and 
communication modes. 

[0059] FIG .5 is a block diagram showing the configu- 
ration of a communication terminal according to Embod- 
iment 2 of the present invention. As shown in this figure, 
a communication terminal according to this embodiment 



1227603A1_l_> 



11 



EP 1 227 603 A1 



12 



differs from the communication terminal shown in FiG. 
1 in being provided with an error rate calculation section 
301 and table rewriting section 302 instead of an error 
detection section 118, retransmission request signal 
creation section 119, NACK signal counting section 120, 
and table rewriting section 121 . In the following descrip- 
tion, parts identical to those in FIG.1 are assigned the 
same codes as in FIG.1 and their detailed explanations 
are omitted. 

[0060] In FIG. 5, a communication mode selector 101 
refers to a communication mode table 102 and selects 
a communication mode based on a CIR measured by a 
CIR measurement section 114, and outputs this to a 
DRC signal creation section 103 and the error rate cal- 
culation section 301 . 

[0061] The error rate calculation section 301 calcu- 
lates the error rate of the data-part signal output from 
an adaptive decoding section 117 for each communica- 
tion mode, and outputs this to the table rewriting section 
302. Here, the Bit Error Rate (BER) or BLock Error Rate 
(BLER) is used as the error rate calculated by the error 
rate calculation section 301 . The bit error rate can be 
calculated by comparing data-part signals before and 
after error correction to detect a bit in which an error has 
occurred, and the block error rate can be calculated by 
performing a CRC to detect a block in which an error 
has occurred. The bit error rate has the advantage of 
more accurately indicating the reception quality of a da- 
ta-part signal than the block error rate, while the block 
error rate has the advantage of being able to be calcu- 
lated with a simpler equipment configuration than the bit 
error rate; ; 

[0062] The table rewriting section 302 compares the 
error rate calculated by the error rate calculation section 
301 with a predetermined error rate threshold value, and 
rewrites the contents of the communication mode table 
102 based on the result of the comparison. Here, the 
predetermined threshold value is the error rate permit- 
ted in the system, this permissible value being deter- 
mined beforehand based on the desired data-part signal 
reception quality required in the system. 
[0063] If the error rate calculated by the error rate cal- 
culation section 301 is lower than the predetermined 
threshold value, the data-part signal reception quality 
can be said to be excessive quality that exceeds the de- 
sired reception quality required in the system. That is to 
say, the current actual downlink channel quality can be 
considered to have improved since the point at which 
channel quality was measured by the CIR measurement 
section 1 1 4. It can therefore be determined that, with the 
current actual downlink channel quality, communication 
can be performed using a communication mode with a 
higher transmission rate than the communication mode 
selected based on the pilot signal CIR. 
[0064] Thus, if the error rate calculated by the error 
rate calculation section 301 is lower than the predeter- 
mined threshold value, A[dB], B[dB], and C[dB] set in 
the communication mode table 1 02 shown in FIG.2 are 



decremented by the table rewriting section 302 by pre- 
determined values X[dB], Y[dB], and Z[dB] ; respective- 
ly, in the same way as in above-described Embodiment 
1. 

5 [0065] If, on the other hand, the error rate calculated 
by the error rate calculation section 301 is higher than 
the predetermined threshold value, the data-part signal 
reception quality can be said not to attain the desired 
reception quality required in the system. That is to say, 
10 the current actual downlink channel quality can be con- 
sidered to have degraded since the point at which chan- 
nel quality was measured by the CIR measurement sec- 
tion 114. It can therefore be determined that, with the 
current actual downlink channel quality, it is necessary 
is for communication to be performed using a communi- 
cation mode with a lower transmission rate than the 
communication mode selected based on the pilot signal 
CIR. 

[0066] Thus, if the error rate calculated by the error 
20 rate calculation section 301 is higher than the predeter- 
mined threshold value, A[dB], BfdBl, and C[dB] set in 
the communication mode table 102 shown in FIG.2 are 
incremented by the table rewriting section 302 by pre- 
determined values X[dB], Y[dB], and Z[dB] s respective- 
25 |y t in the same way as in above-described Embodiment 
1. 

[0067] In this way, based on the error rate of a data- 
part signal (that is, the data-part signal reception quali- 
ty), the table rewriting section 302 detects that a differ- 
30 ence has arisen between the channel quality measured 
by the CIR measurement section 114 and the current 
— actual channel quality, and rewrites the contents of the 
communication mode table 1 02. 
[0068] Thus, according to this embodiment, the re- 
35 ception quality of a data-part signal is determined by the 
error rate, and the contents of a communication mode 
table indicating the correspondence between downlink 
channel quality and communication modes are rewritten 
based on this error rate, thereby making it possible to 
40 select a communication mode that enables communica- 
tion to be performed most efficiently with the current ac- 
tual channel quality. 

[0069] Also, according to this embodiment, determin- 
ing data-part signal reception quality by means of the 
45 error rate enables data-part signal reception quality to 
be determined more accurately. Therefore, communica- 
tion mode table rewrites can be performed accurately 
and without errors. 

50 (Embodiment 3) 

[0070] A communication terminal according to Em- 
bodiment 3 of the present invention determines the re- 
ception quality of a data-part signal by means of data- 
55 part signal throughput, and based on this throughput, 
rewrites the contents of a communication mode table 
indicating the correspondence between downlink chan- 
nel quality and communication modes. 
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[0071 ] FIG.6 is a block diagram showing the configu- 
ration of a communication terminal according to Embod- 
iment 3 of the present invention. As shown in this figure, 
a communication terminal according to this embodiment 
differs from the communication terminal shown In FIG. s 
1 in being provided with a throughput calculation section 
401 and table rewriting section 402 instead of an error 
detection section 118, retransmission request signal 
creation section 1 1 9, NACK signal counting section 120, 
and table rewriting section 121 . In the following descrip- 10 
tion, parts identical to those in FIG.1 are assigned the 
same codes as in FIG.1 and their detailed explanations 
are omitted. 

[0072] In FIG.6, a communication mode selector 1 01 
refers to a communication mode table 102 and selects is 
a communication mode based on a CI R measured by a 
CIR measurement section 114, and outputs this to a 
DRC signal creation section 103, the throughput calcu- 
lation section 401 , and the table rewriting section 402. 
[0073] The throughput calculation section 401 calcu- 20 
lates the average throughput of the data-part signal out- 
put from an adaptive decoding section 1 17 at predeter- 
mined intervals for each communication mode, and out- 
puts this to the table rewriting section 402. As [Mbps] is 
normally used as the unit of throughput, the throughput 25 
calculation section 401 can calculate the average data- 
part signal throughput by finding the average number of 
data-part signal bits received per second. 
[0074] The table rewriting section 402 compares the 
average throughput calculated by the throughput calcu- so 
lation section- 401 with a predetermined throughput 
-threshold valuerand-rewrites-the contents-of-the com — 
municatlon mode table 102 based on the result of the 
comparison. One method of calculating the predeter- 
mined throughput value is described below. 35 
[0075] If the number of terminals currently simultane- 
ously communicating with a base station (hereinafter re- 
ferred to as "number of simultaneously communicating 
terminals") is N, of the signals transmitted from the base 
station, on average 1/N can be assumed to be signals *o 
transmitted to the terminal being considered. Therefore, 
if a communication mode is selected that is expected to 
enable a throughput of 2[Mbps) to be attained, for ex- 
ample, an average throughput of 1 .2/N[Mbps] can be 
expected to be attained by a communication terminal for 45 
which that mode is selected. This 1 2/N[Mbps] through- 
put is then the above-mentioned predetermined thresh- 
old value. 

[0076] Thus, the table rewriting section 402 calculates 
a predetermined threshold value for each communica- so 
tion mode based on the communication mode output 
from the communication mode selector 101 and the 
number of simultaneously communicating terminals, 
and compares the average throughput calculated for 
each communication mode by the throughput calcula- 55 
tion section 401 with the corresponding predetermined 
threshold value. It is assumed that terminals are notified 
of the number of simultaneously communicating termi- 



nals by the base station. 

[0077] The predetermined throughput threshold value 
is not limited to that described above, but may, for ex- 
ample, be determined beforehand on the basis of de- 
sired data-part signal reception quality required In the 
system, as in above-described Embodiments 1 and 2. 
[0078] If the average throughput calculated by the 
throughput calculation section 401 is higher than the 
predetermined threshold value, the current actual down- 
link channel quality can be considered to have improved 
since the point at which channel quality was measured 
by the CIR measurement section 114. It can therefore 
be determined that, with the current actual downlink 
channel quality, communication can be performed using 
a communication mode with a higher transmission rate 
than the communication mode selected based on the 
pilot signal CIR. 

[0079] Thus, if the average throughput calculated by 
the throughput calculation section 401 is higher than the 
predetermined threshold value, A[dB] f B[dB] f and C[dB] 
set in the communication mode table 1 02 shown in FIG. 
2 are decremented by the table rewriting section 402 by 
predetermined values X[dB], Y[dB], and Z[dB], respec- 
tively, in the same way as in above-described Embodi- 
ment 1 . 

[0080] if, on the other hand, the average throughput 
calculated by the throughput calculation section 401 is 
lower than the predetermined threshold value, the cur- 
rent actual downlink channel quality can be considered 
to have degraded since the point at which channel qual- 
ity was measured by the CIR measurement section 114. 
It can therefore be determined that, with the current ac- 
tual downlink channel quality, It Is necessary for com- 
munication to be performed using a communication 
mode with a lower transmission rate than the communi- 
cation mode selected based on the pilot signal CIR. 
[0081] Thus, if the average throughput calculated by 
the throughput calculation section 401 is lower than the 
predetermined threshold value, A[dB], B[dB], and C[dB] 
set in the communication mode table 1 02 shown in FIG. 
2 are incremented by the table rewriting section 402 by 
predetermined values X[dB], Y[dB], and Z[dB], respec- 
tively, in the same way as in above-described Embodi- 
ment 1 . 

[0082] In this way, based on the average throughput 
of a data-part signal (that is, the data-part signal recep- 
tion quality), the table rewriting section 402 detects that 
a difference has arisen between the channel quality 
measured by the CIR measurement section 1 14 and the 
current actual channel quality, and rewrites the contents 
of the communication mode table 102. 
[0083] Thus, according to this embodiment, the re- 
ception quality of a data-part signal is determined by the 
data-part signal throughput, and the contents of a com- 
munication mode table indicating the correspondence 
between downlink channel quality and communication 
modes are rewritten based on this throughput, thereby 
making it possible to select a communication mode that 
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enables communication to be performed most efficiently 
with the current actual channel quality. 
[0084] Also, throughput is a value that indicates actual 
reception quality in a communication terminal more ac- 
curately than the number of retransmissions or the error * 
rate. Therefore, rewriting the communication mode ta- 
ble based on throughput enables communication mode 
table rewrites to be performed more accurately. 



(Embodiment 4) 
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[0085] In above-described Embodiments 1 to 3, a 
communication terminal selects a communication mode 
based on the pilot signal CIR, and transmits a DRC sig- 
nal corresponding to that selected communication mode w 
to the base station. DRC signal information can be rep- 
resented with far fewer bits than other information indi- 
cating downlink channel quality (such as a downlink 
CIR, for example), and therefore use of a DRC signal 
has the advantage of enabling the downlink channel uti- 20 
lization ratio to be increased. On the other hand, since 
a communication terminal has to select the communica- 
tion mode and create a DRC signal, and must be pro- 
vided with a table for communication mode selection, a 
table for DRC signal creation, and so forth , there are the 25 
disadvantages of increased communication terminal 
power consumption and equipment scale. 
[0086] Thus, in the embodiment described below, a 
communication terminal transmits a CIR signal indicat- 
ing the pilot signal CIR to the base station, and the base 30 
station refers to a communication mode table and se- 
lects a communication mode based on the CIR. As a 
result, although there Is the disadvantage of a slight de- 
crease In the uplinkchannel utilization ratio, the fact that 
communication terminals do not have to select the com- 35 
munication mode and create a DRC signal, and do not 
need to be provided with a communication mode selec- 
tion table, DRC signal creation table, and so forth, offers 
the major advantage of enabling communication termi- 
nal power consumption and equipment scale to be re- 40 
duced. Also, in the embodiment described below, it is 
possible for CIRs transmitted from a plurality of termi- 
nals to be compared in the base station, and the correct 
communication mode to be determined with certainty, 
making the embodiment described below particularly 45 
useful in cases such as those where it is not possible 
for the communication mode to be determined simply 
from the CIR in each communication terminal. 
[0087] This embodiment will be described below. A 
base station according to Embodiment 4 rewrites the so 
contents of a communication mode table indicating the 
correspondence between downlink channel quality and 
communication modes based on the number of times a 
NACK signal is sent back from a communication termi- 
nal. 55 
[0088] FIG.7 is a block diagram showing the configu- 
ration of a communication terminal that performs radio 
communication with a base station according to Embod- 



iment 4 of the present invention. In the following descrip- 
tion, parts identical to those in FIG.1 are assigned the 
same codes as in FIG.1 and their detailed explanations 
are omitted. 

[0089] In FIG.7, a CIR signal creation section 501 cre- 
ates a CIR signal that indicates the pilot signal CIR 
measured by a CIR measurement section 114, and out- 
puts this signal to a modulator 1 04. Modulator 1 04 mod- 
ulates the CIR signal and outputs it to a spreader 105. 
[0090] A despreader 502 despreads a baseband sig- 
nal with the spreading code used to despread a signal 
indicating the communication mode, and outputs the de- 
spread signal to a communication mode detection sec- 
tion 503. The communication mode detection section 
503 demodulates the output signal from the despreader 
502 and detects the communication mode. Then, based 
on the detected communication mode, the communica- 
tion mode detection section 503 indicates the outbound 
receive data demodulation method to an adaptive de- 
modulator 116 and indicates the outbound receive data 
decoding method to an adaptive decoding section 117. 
[0091] FIG .8 is a block diagram showing the configu- 
ration of a base station according to Embodiment 4 of 
the present invention. 

[0092] In FIG.8, an allocation section 601 determines 
communication resource allocation to each communica- 
tion terminal based on a CIR indicated by a CIR signal 
extracted by a demodulator 616 described later herein. 
Then, based on the determined communication re- 
source allocation, the allocation section 601 gives an in- 
struction to a buffer 606 for output of outbound transmit 
datarand-outputs-the-eiR-srgnal-toacommunication 
mode selector 602. 

[0093] The communication mode selector 602 refers 
to a communication mode table 603, selects a commu- 
nication mode based on the CIR indicated by the CIR 
signal output from the allocation section 601 , and out- 
puts a signal indicating that communication mode to a 
modulator 604 and NACK signal counting section 619. 
Also, based on the selected communication mode, the 
communication mode selector 602 indicates the out- 
bound transmit data coding method to an adaptive cod- 
ing section 607 and indicates the outbound transmit da- 
ta modulation method to an adaptive modulator 608. 
The contents set in the communication mode table 603 
are identical to those shown in FIG.2, and therefore a 
description thereof will be omitted here. A communica- 
tion mode table 603 is provided for each communication 
terminal. 

[0094] The modulator 604 modulates the signal indi- 
cating the communication mode : and outputs it to a 
spreader 605. Spreader 605 spreads the output signal 
from the modulator 604 and outputs the resulting signal 
to a multiplexer 610. The buffer 606 holds outbound 
transmit data, and outputs outbound transmit data for a 
predetermined communication terminal to the adaptive 
coding section 607 in accordance with directions from 
the allocation section 601 . The adaptive coding section 
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607 codes the output signal from the buffer 606 in ac- 
cordance with directions from the communication mode 
selector 602, and outputs the resulting signal to the 
adaptive modulator 608. The adaptive modulator 608 
modulates the output signal from the adaptive coding 
section 607 in accordance with directions from the com- 
munication mode selector 602, and outputs the resulting 
signal to a spreader 609. Spreader 609 spreads the out- 
put signal from the adaptive modulator 608, and outputs 
the resulting signal to the multiplexer 61 0. The multiplex- 
er 61 0 multiplexes the signal indicating the communica- 
tion mode with outbound transmit data, and outputs the 
resulting signal to a receive RF section 611 . The receive 
RF section 611 converts the frequency of the output sig- 
nal from the multiplexer 61 0 to radio frequency and out- 
puts it to a duplexer 612. 

[0095] The duplexer 612 transmits the output signal 
from the transmit RF section 611 to the communication 
terminals as a radio signal via an antenna 613. In addi- 
tion, the duplexer 612 outputs a signal transmitted as a 
radio signal from a communication terminal and re- 
ceived as a radio signal by the antenna 61 3 to a receive 
RF section 614. The receive RF section 614 converts 
the frequency of a radio frequency signal output from 
the duplexer 612 to baseband, and outputs the resulting 
signal to a despreader 615 and a despreader 617. De- 
spreader 615 despreads the baseband signal with the 
spreading code used to spread the CIR signal, and out- 
puts the resulting signal to a demodulator 61 6. Demod- 
ulator 616 demodulates the output signal from de- 
- spreader-615 and extracts the CIR signal, which it out- 

._ _ - —puts-to-the allocation section-601 — — 

[0096] Despreader 61 7 despreads the baseband sig- 
nal with the spreading code used to spread an ACK sig- 
nal or NACK signal, and outputs the resulting signal to 
a demodulator 61 8. Demodulator 61 8 demodulates the 
output signal from despreader 617 and extracts an ACK 
signal or NACK signal, which it outputs to the NACK sig- 
nal counting section 619. The NACK signal counting 
section 619 counts, for each communication mode, the 
number of NACK signals output before an ACK signal 
is output from demodulator 618. In other words, the 
NACK signal counting section 619 counts the number 
of data retransmissions for each communication mode. 
[0097] A despreader 615, demodulator 616, de- 
spreader 617, demodulator 618, and NACK signal 
counting section 619 are provided for each communica- 
tion terminal. A CIR signal for each communication ter- 
minal is output from the corresponding demodulator 
616, and the number of data retransmissions is counted 
by the respective NACK signal counting sections 619 
for each communication terminal and for each commu- 
nication mode. 

[0098] A table rewriting section 620 compares the 
number of retransmissions counted by the NACK signal 
counting section 619 with a predetermined threshold 
value for the number of retransmissions, and rewrites 
the contents of the communication mode table 603 for 



the relevant communication terminal based on the result 
of this comparison. 

[0099] Next, the operation of a base station with the 
above configuration will be described. 

5 [0100] An ACK signal or NACK signal transmitted 
from a communication terminal is demodulated by de- 
modulator 61 8 and output to the NACK signal counting 
section 619. In the NACK signal counting section 619, 
the number of NACK signals output before an ACK sig- 

10 nal is output from demodulator 61 8 is counted for the 
currently selected communication mode. That is to say, 
in the NACK signal counting section 619 the number of 
retransmissions of data to the communication terminal 
is successively counted for the currently selected com- 

15 munication mode. When an ARQ signal is output from 
demodulator 61 8, the NACK signal counting section 61 9 
count result is reset to 0. 

[0101] Then, in the table rewriting section 620, the 
number of retransmissions counted by the NACK signal 

20 counting section 61 9 is compared with a predetermined 
threshold value N, and the contents of the communica- 
tion mode table 603 for the relevant communication ter- 
minal are rewritten based on the result of this compari- 
son. The table rewriting section 603 rewrite operation is 

25 as described in Embodiment 1 above, and so a descrip- 
tion of this operation will be omitted here. 
[0102] Thus, according to this embodiment, in the 
same way as in above-described Embodiment 1, the 
contents of a communication mode table indicating the 

30 correspondence between downlink channel quality and 
- communication modes are rewritten based on the 
number-ottimes.a.NACK signal is.sent back from a com- 
munication terminal, thereby enabling the same kind of 
effect to be obtained as with above-described Embodi- 

35 ment 1 . 

(Embodiment 5) 

[0103] A communication terminal according to Em- 

40 bodiment 5 of the present invention rewrites the con- 
tents of a communication mode table indicating the cor- 
respondence between downlink channel quality and 
communication modes based on the data-part signal er- 
ror rate notified by a communication terminal. 

45 [0104] A base station according to this embodiment 
will be described below. FIG.9 is a block diagram show- 
ing the configuration of a communication terminal that 
performs radio communication with a base station ac- 
cording to Embodiment 5 of the present invention. In the 

so following description, parts identical to those in FIG.7 
are assigned the same codes as in FIG.7 and their de- 
tailed explanations are omitted. 
[0105] In FIG.9, an error rate detection section 701 
detects the error rate of a data-part signal output from 

55 an adaptive decoding section 1 1 7. and outputs this to a 
notification signal creation section 702. The detailed op- 
eration of the error rate detection section 701 is as de- 
scribed in Embodiment 2 above, and so a description of 
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this operation will be omitted here. 
[0106] The notification signal creation section 702 
creates a signal indicating the error rate and outputs this 
signal to a modulator 1 06. The signal indicating the error 
rate is modulated by modulator 1 06, spread by aspread- 
er 107, multiplexed with a CIR signal by a multiplexer 
108, and transmitted to the base station. 
[0107] FIG. 1 0 is a block diagram showing the config- 
uration of a base station according to Embodiment 5 of 
the present invention. In the following description, parts 
identical to those in FIG.8 are assigned the same codes 
as in FIG.8 and their detailed explanations arc omitted. 
[0108] In FIG. 10, a communication mode selector602 
outputs a signal indicating the selected communication 
mode to a modulator 604 and error rate detection sec- 
tion 802. A despreader 801 despreads a baseband sig- 
nal with the spreading code used to spread the signal 
indicating the error rate, and outputs the resulting signal 
to the error rate detection section 802. The error rate 
detection section 802 demodulates the output signal 
from the despreader 801 and extracts the signal indicat- 
ing the error rate, and detects the error rate of the data- 
part signal in each communication terminal for each 
communication mode. 

[0109] A despreader 615, demodulator 616, de- 
spreader 801, and error rate detection section 802 are 
provided for each communication terminal. A CIR signal 
for each communication terminal is output from the cor- 
responding demodulator 616, and the data-part signal 
error rate is detected by the respective error rate detec- 
tion section 802 for each communication terminal and 

— for each communication mode ; — 

[01 10] A table rewriting section 803 compares the er- 
ror rate detected by the error rate detection section 802 
with a predetermined error rate threshold value, and re- 
writes the contents of the communication mode table 
603 for the relevant communication terminal based on 
the result of this comparison. 

[0111] Next, the operation of a base station with the 
above configuration will be described. 
[0112] A signal indicating the error rate transmitted 
from a communication terminal is demodulated by the 
error rate detection section 802. By this means the data- 
part signal error rate is detected. The detected error rate 
is output to the table rewriting section 803. 
[0113] Then, in the table rewriting section 803, the er- 
ror rate detected by the error rate detection section 802 
is compared with a predetermined threshold value, and 
the contents of the communication mode table 603 for 
the relevant communication terminal are rewritten 
based on the result of this comparison. The table rewrit- 
ing section 603 rewrite operation by the table rewriting 
section 803 is as described in Embodiment 2 above, and 
so a description of this operation will be omitted here. 
[0114] Thus; according to this embodiment, in the 
same way as in above-described Embodiment 2, the 
contents of a communication mode table indicating the 
correspondence between downlink channel quality and 



communication modes are rewritten based on the data- 
part signal error rate notified by a communication termi- 
nal, thereby enabling the same kind of effect to be ob- 
tained as with above-described Embodiment 2. 

5 

(Embodiment 6) 

[0115] A communication terminal according to Em- 
bodiment 6 of the present invention rewrites the con- 
10 tents of a communication mode table indicating the cor- 
respondence between downlink channel quality and 
communication modes based on data-part signal 
throughput notified by a communication terminal. 
[0116] A base station according to this embodiment 
15 will be described below. FIG. 11 is a block diagram show- 
ing the configuration of a communication terminal that 
performs radio communication with a base station ac- 
cording to Embodiment 6 of the present invention. In the 
following description, parts identical to those in FIG.7 
20 are assigned the same codes as in FIG.7 and their de- 
tailed explanations are omitted. 

[0117] In FIG. 11, a throughput calculation section 901 
calculates the average throughput of the data-part sig- 
nal output from an adaptive decoding section 1 1 7 at pre- 
25 determined intervals, and outputs this to a notification 
signal creation section 902. The method of calculating 
the average throughput is as described in Embodiment 
3 above, and so a description of this method will be omit- 
ted here. 

30 [0118] The throughput calculation section 901 cre- 
- — ates a signal indicating the average throughput and out- 

puts this signal to a moduiator406,-ThesignaMndicating 

the average throughput is modulated by modulator 1 06, 
spread by a spreader 1 07, multiplexed with a CIR signal 
35 by a multiplexer 1 08, and transmitted to the base station. 
[0119] FIG. 12 is a block diagram showing the config- 
uration of a base station according to Embodiment 6 of 
the present invention. In the following description, parts 
identical to those in FIG.8 are assigned the same codes 
40 as in FIG.8 and their detailed explanations are omitted. 
[0120] In FIG. 12, a communication mode selector 602 
outputs a signal indicating the selected communication 
mode to a modulator 604 and throughput detection sec- 
tion 1002. A despreader 1001 despreads a baseband 
45 signal with the spreading code used to spread the signal 
indicating the average throughput, and outputs the re- 
sulting signal to the throughput detection section 1002. 
The throughput detection section 1 002 demodulates the 
output signal from the despreader 1 001 and extracts the 
so signal indicating the average throughput, and detects 
the average throughput of the data-part signal in each 
communication terminal for each communication mode. 
[0121] A despreader 615, demodulator 616, de- 
spreader 1001, and throughput detection section 1002 
55 are provided for each communication terminal. A CIR 
signal for each communication terminal is output from 
the corresponding demodulator 616, and the data-part 
signal average throughput is detected by the respective 
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throughput detection section 1002 for each communi- 
cation terminal and for each communication mode. 
[0122] A table rewriting section 1003 compares the 
average throughput detected by the throughput detec- 
tion section 1002 with a predetermined throughput 
threshold value, and rewrites the contents of the com- 
munication mode table 603 for the relevant communica- 
tion terminal based on the result of this comparison. 
[0123] Next, the operation of a base station with the 
above configuration will be described. 
[0124] A signal indicating the average throughput 
transmitted from a communication terminal is demodu- 
lated by the throughput detection section 1 002. By this 
means the data-part signal average throughput is de- 
tected. The detected average throughput is output to the 
table rewriting section 1 003. 

[0125] Then, in the table rewriting section 1003, the 
average throughput detected by the throughput detec- 
tion section 1002 is compared with a predetermined 
threshold value, and the contents of the communication 
mode table 603 for the relevant communication terminal 
are rewritten based on the result of this comparison. The 
table rewriting section 603 rewrite operation by the table 
rewriting section 1 003 is as described in Embodiment 3 
above, and so a description of this operation will be omit- 
ted here. 

[0126] Thus, according to this embodiment, in the 
same way as in above-described Embodiment 3, the 
contents of a communication mode table indicating the 
correspondence between downlink channel quality and 
communication modes are rewritten based on data-part 

sig nal throu ghput notified b y a communication terminal, 

thereby enabling the same kind of effect to be obtained 
as with above-described Embodiment 3. 
[0127] In above-described Embodiments 1 to 6, the 
CIR of a pilot signal is used as a value indicating down- 
link channel quality, but this is not a limitation, and any 
value may be used as long as it is a value that indicates 
channel quality. 

[0128] Also , in above Embodiments 1 to 6, in order 
to prevent the communication mode table from being re- 
written frequently, a threshold value given a predeter- 
mined width may be set as the threshold value to be 
compared with the number of retransmissions, error 
rate, or average throughput. For example, it is possible 45 
to set two new threshold values incremented/decre- 
mented by ±X with respect to the threshold value used 
in above Embodiments 1 to 6, and to arrange for rewrit- 
ing of the communication mode table not be performed 
if the number of retransmissions, error rate, or average so 
throughput is within a range of ±X with respect to the 
threshold value used in above Embodiments 1 to 6. 
[0129] Moreover, in above Embodiments 1 to 6, a 
threshold value to be compared with the number of re- 
transmissions, error rate, or average throughput may be 55 
set for each communication mode. 
[0130] Furthermore, in above Embodiments 1 to 3, a 
communication terminal may be notified by the base sta- 
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tion of the threshold value to be compared with the 
number of retransmissions, error rate, or average 
throughput. 

[0131] In addition, In above Embodiments 1 to 6, all 
5 the CIR values set In the communication mode table are 
rewritten when the communication mode table is rewrit- 
ten, but a particular CIR value or plurality of CIR values 
may be rewritten instead. 

[0132] Also, in above Embodiments 1 to 6, the varia- 
10 tion widths of the CIR values set in the communication 
mode table are assumed to be fixed values (X[dB], Y 
[dB], and 2[dB]), but it is also possible for variation 
widths to be varied adaptively according to the size of 
the difference between the measured channel quality 
15 and the current actual channel quality. 

[0133] Moreover, in above Embodiments 1 to 6, the 
fact that a difference has arisen between the measured 
channel quality and the current actual channel quality is 
detected on the basis of data-part signal channel quality, 
20 but this is not a limitation, and any method may be used 
as long as it is a method that can detect the fact that a 
difference has arisen. 

[0134] Thus, according to above Embodiments 1 to 6, 
in a communication system in which communication re- 
25 sources are allocated to communication terminals by 
time division based on downlink channel quality meas- 
ured from a pilot signal, the correspondence between 
downlink channel quality and communication modes is 
rewritten when a difference arises between the meas- 
30 ured channel quality and the current actual channel 
quality, thereby making it possible to select a communi- 
cat ion mod e that enables communication .to,be per- 
formed most efficiently with the current actual channel 
quality. Thus, according to the present invention, It is 
35 possible to prevent a fail in downlink throughput. 

(Embodiment 7) 

[0135] FIG.1 3 is a block diagram showing the config- 
40 uration of a base station according to Embodiment 7 of 
the present invention, and FIG. 14 is a block diagram 
showing the configuration of a communication terminal 
according to Embodiment 7 of the present invention. 
[0136] First, in a modulator/spreader 1 204 of the base 
station shown in FIG. 13, a pilot burst signal is modulat- 
ed and then spread. This spread pilot burst signal is mul- 
tiplexed with other signals by a multiplexer 1203, and 
the resulting signal undergoes predetermined transmis- 
sion processing such as up-conversion by an RF section 
1202, and is then transmitted from an antenna 1201. 
[0137] This signal is received by the antenna 1301 of 
the communication terminal shown in FIG.1 4, under- 
goes predetermined reception processing such as 
down-conversion by an RF section 1302, and is then 
output to a despreader/demodulator 1303. In the de- 
spreader/demodulator 1303, the received signal is de- 
spread and then demodulated, and is output to a CRC 
section 1304 and CIR measurement section 1306. 
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[0138] In the CIR measurement section 1306, the re- 
ception quality-to be specific, the CIR-of the pilot burst 
signal in the demodulated received signal is measured. 
The measured CIR is output to a rate request value de- 
termination section 1 307. The correspondence between s 
CIRs and transmission rates has been stored before- 
hand in the rate request vaiue determination section 
1307, and the transmission rate corresponding to the 
measured CIR is selected by the CIR measurement sec- 
tion 1306. This selected transmission rate is then output 10 
to a multiplexer 1309 as the rate request value of this 
terminal. 

[0139] In the multiplexer 1309, the rate request value 
and transmit data from this terminal are multiplexed, and 
this multiplex signal is modulated and then spread by a 15 
modulator/spreader 1310. This spread signal under- 
goes predetermined transmission processing by the RF 
section 1302, and is then transmitted from the antenna 
1301. 

[01 40] This signal is received by the antenna 1 201 of 20 
the base station shown in FIG. 13, undergoes predeter- 
mined reception processing by the RF section 1 202, and 
is then output to a desp reader/demodulator 1 208. In the 
despreader/demodulator 1208, the received signal is 
despread and then demodulated, and is output to a TPC 25 
signal generation section 1211 and radio resource man- 
agement section 1212. 

[0141] In the TPC signal generation section 1211 , a 
TPC signal for controlling terminal transmission power 
is generated using a pilot symbol included in the demod- 30 
ulated signal. This TPC signal is assembled into a MAC 
"channel~signal by "a "MAC channel assembly section 
1210. The MAC channel signal is modulated and then 
spread by a modulator/spreader 1206, and Is output to 
the multiplexer 1203. 35 
[0142] In the radio resource management section 
1212, the communication terminal that transmitted the 
largest rate request value among the rate request val- 
ues from all the communication terminals is selected, 
and the result of this selection is output to a buffer sec- 40 
Hon 1216, dedicated channel coding section 1209, and 
modulator/spreader 1205. The selection method may 
also be to select the communication terminal that re- 
quested the lowest transmission rate, so that communi- 
cation is possible for all communication terminals. There 45 
are no particular restrictions on the selection method. 
[01 43] Transmit data for this selected communication 
terminal is read in the buffer section 1216. Then, in the 
dedicated channel coding section 1209, address infor- 
mation indicating which communication terminal this so 
transmit data is destined for is added to this read trans- 
mit data. Then the data with address information added 
is modulated and then spread by modulator/spreader 
1205, and is output to the multiplexer 1203. Each of the 
signals output to multiplexer 1203 is multiplexed and 55 
then transmitted from the RF section 1202 via the an- 
tenna 1201. 

[0144] When this signal is received by the communi- 



cation terminal shown in FIG. 14, if address information 
for this terminal is received, the signal following the ad- 
dress information is received. Then a CRC is performed 
on the receive data by the CRC section 1304. If the re- 
sult of this CRC is OK, the receive data is output via a 
decomposition section 1305 to a latter-stage circuit (not 
shown), if the result of this CRC is NG, on the other 
hand, the receive data is not output to the decomposition 
section 1 305. The CRC result (OK or NG) is transmitted 
to the base station shown in FIG.13 via the multiplexer 
1309, modulator/spreader 1310, RF section 1302, and 
antenna 1301. 

[0145] When this CRC result (OK or NG) is received 
by the base station shown in FIG.1 3, it is input to a down- 
link error measurement section 1213. In the downlink 
error measurement section 1 21 3, the error rate of signal 
transmission to the communication terminal is estimat- 
ed from this CRC result, and this error rate is output to 
a rate change request section 1214. 
[0146] Estimation of the error rate is performed as 
follows . The number of NGs within a predetermined in- 
terval is counted for each communication terminal and 
for each allocated data rate. Similarly, the number of 
times allocated is counted. Then the result of dividing 
the number of NGs by the number of times allocated is 
taken as the error rate estimate. 
[0147] In the rate change request section 1214, the 
error rate is compared with a predetermined first thresh- 
old value and a predetermined second threshold value. 
It is assumed that the second threshold value is a lower 
value than the first threshold value. It is "also assumed 
" tr^t thesecond threshold value is greater than zero and 
almost zero. 

[0148] Then, In the rate change request section 121 4, 
if the error rate is outside the predetermined range-that 
is, greater than or equal to the first threshold value or 
less than or equal to the second threshold value-it is de- 
termined that the transmission rate determined from the 
CIR by the rate request value determination section 
1307 is incorrect. That is to say, it is determined that the 
rate request vaiue from the communication terminal is 
incorrect. 

[0149] In other words, in the rate change request sec- 
tion 1214, if the error rate is greater than or equal to the 
first threshold value, it is determined that the rate re- 
quest value is too high and the desired communication 
quality cannot be attained at that transmission rate. In 
this case, therefore, a signal instructing the communi- 
cation terminal to lower the rate request value below the 
transmission rate determined from the CIR is generated 
by the rate change request section 1214 as a rate 
change instruction signal, in this way the base station 
can cause the transmission rate requested by the com- 
munication terminal to be changed to a transmission 
rate that meets the desired communication quality. 
[0150] If, on the other hand, the error rate is less than 
or equal to the second threshold value, it is determined 
that the rate request value from the communication ter- 
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minal is too low and communication quality is excessive 
at that transmission rate. In this case, therefore, a signal 
instructing the communication terminal to raise the rate 
request value above the transmission rate determined 
from the CIR is generated by the rate change request 
section 1214 as a rate change instruction signal. In this 
way the base station can cause the transmission rate 
requested by the communication terminal to be changed 
to a transmission rate at which data communication can 
be performed more efficiently. 

[0151] Determination and rate change instruction op- 
erations performed by the rate change request section 
1214 may be divided between two component sections 
(a determination section and a changing section). 
[0152] A rate change instruction signal generated by 
the rate change request section 1214 is assembled into 
a control channel signal by a control channel assembly 
section 1215. The control channel signal is modulated 
and then spread by a modulator/spreader 1207, and 
transmitted from the RF section 1202 via the multiplexer 
1203. 

[01 53] When this control channel signal is received by 
the communication terminal shown in FIG. 14, the signal 
undergoes a CRC by the CRC section 1304, and if the 
result is OK, is output to the decomposition section 
1305. In the decomposition section 1305, the control 
channel signal is decomposed and the rate change in- 
struction signal extracted, and the extracted rate change 
instruction signal is output to a rate request value chang- 
ing section 1308. 

[0154] A rate request value change instruction is is- 
— sued-by the rate-request- value changing-section 1 308- 
to the rate request value determination section 1 307 in 
accordance with the rate change Instruction signal. In 
the rate request value determination section 1307, the 
rate request value is changed in accordance with this 
instruction. That is to say, if the instruction given by the 
rate change instruction signal is an instruction to lower 
the rate request value, the rate request value is lowered 
below the transmission rate determined from the CIR, 
and, conversely, if the instruction given by the rate 
change instruction signal is an instruction to raise the 
rate request value, the rate request value is raised 
above the transmission rate determined from the CIR. 
In this way it is possible for a transmission rate request 
value determined by a communication terminal to be 
changed by that communication terminal in accordance 
with an instruction from the base station. 
[0155] Thus, according to this embodiment, if the er- 
ror rate is outside a predetermined range, a base station 
determines that the transmission rate requested by a 
communication terminal is incorrect and instructs the 
communication terminal to change the transmission rate 
request value, and the communication terminal-changes 
the transmission rate request value in accordance with 
that instruction. By this means it is possible for the trans- 
mission rate used for data transmission from the base 
station to a communication terminal to be made a trans- 



mission rate that enables the desired communication 
quality to be attained. In other words, the transmission 
rate value can be made a value that enables data trans- 
mission to be performed appropriately. Thus, appropri- 

5 ate data transmission can be performed: and communi- 
cation failures can be eliminated. 
[0156] As described above, according to the present 
invention it is possible to prevent a fall in downlink 
throughput in a communication system in which com- 

10 munication resources are allocated to communication 
terminals by time division based on downlink channel 
quality measured from a pilot signal. 
[0157] This application is based on Japanese Patent 
Application No.2000-232269 filed on June 26, 2000, 

15 and Japanese Patent Application No.2000-249554 filed 
on August 21 , 2000, entire content of which is expressly 
incorporated by reference herein. 
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1 . A communication terminal apparatus comprising: 
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a measuring device that measures downlink 
channel quality; 

a table that shows correspondence between 
said channel quality and a communication 
mode; 

a selector that refers to said table and selects 
a communication mode based on said channel 
quality; and - 

-a-rewriting- device- that rewrites said corre- 
spondence when a difference arises between 
said channel quality and current actual channel 
quality. 
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The communication terminal apparatus according 
to claim 1 , wherein said rewriting device detects the 
fact that a difference has arisen based on reception 
quality of receive data. 

The communication terminal apparatus according 
to claim 2, wherein said rewriting device: 

when reception quality of receive data is better 
than a predetermined reception quality, re- 
writes correspondence so that a communica- 
tion mode with a transmission rate higher than 
for identical channel quality measured by said 
measuring device is selected; and 
when reception quality of receive data is poorer 
than a predetermined reception quality, re- 
writes correspondence so that a communica- 
tion mode with a transmission rate lower than 
for identical channel quality measured by said 
measuring device is selected. • 

4. The communication terminal apparatus according 
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to claim 3, wherein predetermined reception quality 
is desired reception quality required in a communi- 
cation system. 

5. The communication terminal apparatus according 
to claim 2, further comprising: 

an error detector that detects a receive data er- 
ror; 

a transmitter that, when an error is detected by 
said error detector, transmits a retransmission 
request signal which is a signal that requests a 
base station apparatus to retransmit identical 
data to said receive data; and 
a counter that counts a number of times of 
transmission of said retransmission request 
signal; 

wherein said rewriting device rewrites corre- 
spondence based on a result of comparison be- 
tween said number of times of creation and a pre- 
determined number of times. 

6. The communication terminal apparatus according 
to claim 5, wherein: 

said counter calculates an average value in a 
predetermined interval of number of times of 
transmission; and 

said rewriting device rewrites correspondence 
based on a result of comparison between said 
" average value and ap redetermined number of _ 

times. 

7. The communication terminal apparatus according 
to claim 2, further comprising an error rate calcula- 
tor that calculates an error rate of receive data; 

wherein said rewriting device rewrites corre- 
spondence based on a result of comparison be- 
tween said error rate and a predetermined error 
rate. 

8. The communication terminal apparatus according 
to claim 2, further comprising a throughput detector 
that calculates throughput of receive data; 

wherein said rewriting device rewrites corre- 
spondence based on a result of comparison be- 
tween said throughput and a predetermined 
throughput. 

9. A base station apparatus comprising: 

a table that shows correspondence between 
downlink channel quality notified by a commu- 
nication terminal apparatus and a communica- 
tion mode; 

a selector that refers to said table and selects 
a communication mode based on said channel 



quality; and 

a rewriting device that rewrites said corre- 
spondence when a difference arises between 
said channel quality and current actual channel 
s quality. 

10. The base station apparatus according to claim 9, 
wherein said rewriting device detects the fact that a 
difference has arisen based on reception quality of 

io receive data in a communication terminal appara- 
tus. 

11. The base station apparatus according to claim 10, 
wherein said rewriting device: 

15 

when reception quality of receive data in a com- 
munication terminal apparatus is better than a 
predetermined reception quality, rewrites cor- 
respondence so that a communication mode 

20 with a transmission rate higher than for identi- 

cal channel quality notified by said communica- 
tion terminal apparatus is selected; and 
when reception quality of receive data in said 
communication terminal apparatus is poorer 

25 than a predetermined reception quality, re- 

writes correspondence so that a communica- 
tion mode with a transmission rate lower than 
for identical channel quality notified by said 
communication terminal apparatus is selected. 

30 

12. The base station apparatus according to claim 11 , 
wherein-predetermined reception quality is desired 

reception quality required in a communication sys- 
tem. 

35 

13. The base station apparatus according to claim 10, 
further comprising a counter that counts a number 
of times of reception of a retransmission request 
signal which is a signal whereby a communication 

4o terminal apparatus requests a base station appara- 
tus to retransmit identical data; 

wherein said rewriting device rewrites corre- 
spondence based on a result of comparison be- 
tween said number of times of reception and a pre- 

45 determined number of times. 

14. The base station apparatus according to daim 13, 
wherein: 

so said counter calculates an average value in a 

predetermined interval of number of times of re- 
ception; and 

said rewriting device rewrites correspondence 
based on a result of comparison between said 
55 average value and a predetermined number of 

times. 

15. The base station apparatus according to claim 10, 
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further comprising an error rate detector that de- 
tects a receive data error rate notified by a commu- 
nication terminal apparatus; 

wherein said rewriting device rewrites corre- 
spondence based on a result of comparison be- 
tween said error rate and a predetermined error 
rate. 

16. The base station apparatus according to claim 10, 
further comprising a throughput detector that de- 
tects receive data throughput notified by a commu- 
nication terminal apparatus; 

wherein said rewriting device rewrites corre- 
spondence based on a result of comparison be- 
tween said throughput and a predetermined 
throughput. 

17. A radio communication method comprising: 

a measuring step of measuring downlink chan- 
nel quality; 

a selecting step of referring to a table that 
shows correspondence between said channel 
quality and a communication mode, and select- 
ing a communication mode based on said 
channel quality; and 

a rewriting step of rewriting said correspond- 
ence when a difference arises between said 
channel quality and current actual channel 
quality. 

18^-A base station apparatus comprising: 

a determination device that determines wheth- 
er or not a transmission rate requested by a 
communication terminal apparatus is incorrect; 
and 

a changing device that, when said transmission 
rate is incorrect, causes said communication 
terminal apparatus to change said transmission 
rate requested by said communication terminal 
apparatus. 

19. The base station apparatus according to claim 18, 
further comprising a measuring device that meas- 
ures an error rate of data transmitted to said com- 
munication terminal apparatus; 

wherein said determination device, when said 
error rate is outside a predetermined range, deter- 
mines that a transmission rate requested by said 
communication terminal apparatus is incorrect. 

20. The base station apparatus according to claim 19, 
wherein said changing device, when said error rate 
is greater than or equal to a first threshold value, 
causes a transmission rate requested by said com- 
munication terminal apparatus to be lowered. 
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21. The base station apparatus according to claim 19, 
wherein said changing device, when said error rate 
is less than or equal to a second threshold value, 
causes a transmission rate requested by said com- 
munication terminal apparatus to be raised. 

22. A communication terminal apparatus comprising: 

a measuring device that measures reception 
quality of a signal transmitted from a base sta- 
tion apparatus; and 

a requesting device that changes, in accord- 
ance with an instruction from said base station 
apparatus, a transmission rate determined in 
accordance with a measured reception quality, 
and requests data transmission at the changed 
data rate from said base station apparatus. 

23. A radio communication method wherein: 

a base station apparatus, when a transmission 
rate requested by a communication terminal 
apparatus is incorrect, transmits to said com- 
munication terminal apparatus an instruction 
that causes said communication terminal appa- 
ratus to change said transmission rate request- 
ed by said communication terminal apparatus; 
and 

said communication terminal apparatus chang- 
es, in accordance with a change instruction 
from said base station apparatus, a transmis- 
sion rate-determined J naccordance-with recep- 
tion quality of a signal transmitted from said 
base station apparatus, and requests data 
transmission at the changed data rate from said 
base station apparatus. 
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